. The Ponzo figure used in Quina & Pollack (1971) and in the present study.
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• 1234!56 STANDARD each line. If the angle creates an impression of depth, as perspective theory holds, there should be overestimation of all lines within the wedge, greatest at the apex and decreasing to zero at its ends. Satiation theory would expect underestimation of all lines, increasing and then decreasing according to the distance paradox (Kohler & Wallach, 1944, p.289) . Assimilation-contrast processes would cause overestimation of lines near the apex and underestimation of lines at the open end. If the illusion is due to a configurational effect, as in Tausch's (1954) contrast explanation, then the present method of breaking up the classical figure should not reveal any systematic distortion.
Two trained Ss viewed the stimuli in tachistoscopic exposures of 250 rnsec. Both Ss overestimated lines near the apex (Positions 1 and 2). Near-zero scores were obtained for center positions for each. Greatest underestimation was found for Position 5, corresponding with the ends of the angle, although underestimation was still strong at Position 6. Significant linear trends were obtained for both Ss.
Neither perspective nor. satiation theories could account for the trends found. The results suggested that the classical Ponzo illusion was actually a product of two basically distinct and independent processes. occurring in opposite directions. Together, they create the effect which most researchers have heretofore considered to be a single distortion effect. Assimilation and contrast were selected as the most likely processes underlying these distortions.
The present study was designed to test the hypothesis that the two lines of the classical Ponzo figure are actually undergoing two separate distortion effects. The two test lines undergoing maximum distortion in each direction in the Quina and Pollack study (Positions 2 and 5, closely corresponding to the lines of apex was overestimated, while near the ends of the angle the test figure was underestimated. This supports the assimilation-contrast explanation Fraisse (1971) Kiinnapas (1955) found that the perceived length and width of a line depended on the size of the surrounding frame. A line located in a small square was overestimated in both length and width; in a large square, it was underestimated. Kunnapas was interested in the effects of visual framework upon figure rather than contour interactions, but his results are applicable to the present situation.
In the original experiment. Quina and Pollack (1971) presented the test line of the Ponzo figure at each of the six positions shown in Fig. 1 , with the comparison line located outside the influence of the wedge. The classical figure was altered in this manner in order to study the nature of the effect produced by the inducing angle on A recent study by Quina and Pollack (1971) was designed to test three plausible explanations given for the Ponzo illusion: perspective or misapplication of size constancy, satiation, and assimilation and contrast processes. Gregory (1963) and Leibowitz et al (1969) have offered the inappropriate use of size constancy as an explanation of the Ponzo illusion. The Ponzo wedge, oriented with its apex at the top, creates the impression of depth. Judgments of the lengths of the lines, then, arebased on their apparent distance from the observer. The apical line. seeming to lie further away. will be judged longer than a line of equal retinal size lying at the open end of the angle. Leibowitz et al (1969) found that addition of perspective cues enhanced the Ponzo illusion. However, a 10% illusion persisted when such cues were removed. and rotation of the geometric figure 90 and 180 deg, thus altering the depth cues, produced no change in magnitude of illusion. Fisher (1968) incorporated a Ponzo figure into various reversible figures, and found equal illusion magnitudes for each apparent depth of the figures (corners projecting towards or away from the observer).
According to Kohler and Wallach (1944) , the lines of the Ponzo figure are reduced in size due to satiation of the region lying alongside the inducing contour and containing the ends of the lines. Satiation is greatest not immediately beside the contour, but at some distance out from and parallel to it. Thus, the distal line undergoes greater shrinkage than the apical line because it lies in the latter, more satiated region. Since satiation is immediate, this occurs in the simultaneous illusion as well as in the aftereffect paradigm. Greene and Lawson (1970) found that, in relation to a comparison figure placed outside the influence of the wedge, a square test figure close to the .N = 10 the classical figure) were selected for study. If two distinct processes are acting on the lines, then two separate developmental trends might be found. The summation of these two trends, then, should give the developmental curves found by other researchers who were concerned only with the total illusion. Comalli (1969), using mean age groups of 6.5, 9.5, and 21 years, found the greatest illusion for the middle group. Leibowitz and Judisch (1967) found an increase in magnitude of illusion up to adolescence, and a smaller, stable illusion thereafter. Although little evidence is available on the developmental courses of the individual lines of the Ponzo figure, studies of other assimilation-contrast illusions are available. Santostefano (1963) found a decrease with age of the positive Delboeuf illusion and an increase with age of the negative Delboeuf. These have been explained by assimilation and contrast, respectively, by Piaget et al (1942) . These findings suggested that overestimation of the apical line of the Ponzo figure, the assimilation effect, would decrease with age. Underestimation of the distal line, the contrast effect, would increase with age.
METHOD Subjects
The Ss were 70 school children of lower and lower-middle class backgrounds, 5 males and 5 females from each of Grades 2-8. 1 Mean ages were 7.6, 8.3, 9.7, 11.0, 11.7, 12 .9, and 13.5 years. Each had a visual acuity betterthan 20/30, as tested with the Master Ortho-Rater, and an IQ above 90, as measured by the California Mental Maturity Test. In addition, a group of 10 students attending the University of Georgia, mean age 19.1, was tested.
Apparatus and Stimuli Stimulus figures were drawn in black India ink on 5 x 7 white cards. On each card, the inducing angle of 60 deg and the test line, placed at Position 2 or Position 5, were on one side of a central fixation dot, and the comparison line was equidistant from the dot on the opposite side. The standard line was 11.0-mm long, and the length of the comparison line was varied from 7.5 to 14.5 mm in .5-mm steps. All lines were .5 rom long. The largest display subtended a visual angle of 3 deg. Control stimuli were exactly the same except that the inducing angle was not present, and the comparison line was varied from 10.0 to 12.0 mm in length.
Stimuli were oriented with the angle on the left, since comparison of leftand right-orientations had revealed no significant differences in Quina and Pollack (1971) . They were presented for 250 msec in a three-channel tachistoscope (Scientific Prototype, Model GB). TIlumination was constant at 4.8 fc, as measured by a Macbeth IIIuminometer.
Procedure
A field containing only a central fixation dot was presented for 3 min before each experimental session, and remained on throughout the session except during stimulus presentations. Ss were instructed to judge, while fixating on the central dot, whether the comparison line was longer or shorter than the standard line. All Ss saw both positions; order was counterbalanced.
A converging method of limits was employed in stimulus presentation, whereby the stimuli appeared with comparison lines in the order of shorter, longer, longer, shorter, converging upon the stimulus with equal lines of 11.0 mrn, Each run through the series of stimuli in this order constituted a trial. Trials began with a shorter or longer stimulus in the order abba. Four control trials preceded six experimental trials in each position. Points of subjective equality (PSEs), defined as .25 mm below the first change in response maintained for three consecutive values in ascending or descending order, were calculated for each trial. Control PSEs were subtracted from experimental PSEs to find the magnitude of illusion.
RESULTS
The apical line, Position 2, was overestimated by all age groups, and the line corresponding with the ends of the angle, Position 5, was consistently underestimated (Table 1) . Three stepwise multiple regression analyses were performed on the data. 2 teat was selected over the regular analysis of variance in order to preserve the continuity of the chronological age (CA) and mental age (MA) variables. The multiple regression procedure offered the further advantage of taking into account the unequal distances between the age groups.
The stepwise procedure takes each variable in order of importance, and tests the significance of that variable over and above the variables already entered. In addition, the old variables are reanalyzed for importance in light of the entered variable (Draper & Smith, 1966, pp. 171-172; Darlington, 1968) . In each analysis, the variables were entered in the order: main effects (linear), squared main effects (quadratic), and interactions. The F values shown, therefore, must be interpreted differently for the three types of variables: (1) Main effects-rsignlficance indicates that the variable is significant over and above linear information contained in all the other main effects. (2) Squared main effeets-rsignificance indicates that the best prediction equation includes a quadratic component; this component is significant over and above information contained in other quadratic components and all main effects. (3) Interaetions-r-significanoe of interactions is over and above the information contained in the main effects, the quadratic components, and the other interactions.
In the first analysis, the main variables were CA, order, sex, and test line position. In addition, the quadratic prediction equation for CA was tested separately for each of the test line positions. Major interactions were then entered and tested.
Test line position was highly significant [F(4,149) 373 centration effect becomes dominant, and the illusion effect then follows the Type I trend of decrease in magnitude with age due to increasing ability to decentrate. According to Pollack (1969) , Type I illusions are based on perceptual processes alone and decrease with age as a function of physiological changes in the receptor system (increasing lenticular density and retinal pigmentation). This theory has been supported in studies correlating density of fundus pigmentation with susceptibility to the Mueller-Lyer illusion (e.g., Ebert & Pollack, 1972) . Younger children, however, may be drawn to the apex of the angle and thus may not be as susceptible to the Type I contrast effect (even though they have been instructed to fixate on the dot). After the peak age of 11 years, attention may have broadened sufficiently to include both the apex and the line further out, and the regular Type I pattern appears. According to Vurpillot, there is a possibility that all Type I illusions would exhibit Type III curves if one could test very young children (Jenkin & Pollack, 1966, p.163) . The importance of CA in the age trend found in the present study suggests the latter interpretation.
The findings for Position 2, the apical position, are not so easily explained. Up to 11.7 years, the trend looks like a Type I trend, agreeing with the suggestion that it is a .40
.20
in Quina and Pollack (1971) . Again, perspective and satiation theories cannot account for these findings. The significant interaction between CA and test line position found when the absolute magnitudes of the two distortions were compared gives strong support for the hypothesis that the two positions are actually influenced by two distinct processes. The finding that CA was important over and above MA in producing the developmental trends suggests that both the assimilation-like overestimation of the apical line and the simultaneous contrast-like underestimation of the line at the ends of the wedge should be considered as being lower-level developmental processes. No explanation can be offered for the significant order effects found; however, order was completely counterbalanced in the design.
The expected linear trends were not found. Rather, quadratic trends were found in each case. The increase and subsequent decline in magnitude of the contrast effect (Position 5) appears to be an exemplar of the Type III illusion discussed by Piaget (1967) . At first; illusion magnitude increases with age, as the child's framework of perceptual relations broadens. As this effect decreases in importance, the centration effect (causing overestimation of the line centered upon) becomes more important in determining the illusion magnitude. Around the ages of 9-11, the appropriate prediction equation for the age trends included both linear and quadratic components; that is, a positively skewed curve. No other interactions were significant. 74% of the total variance was accounted for in these analyses.
In order to compare the relative importance of CA and MA in determining the trends obtained, both linearly and quadratically, a second analysis was performed. MA values were not available for the 10 college students, so they were not included in the analysis. Again, significance was found for the test line position (F(4,128) The scores for Position 5 were inverted for a third analysis, resulting in the positive curves shown in Fig. 2 . By th us erasing the directional differences of the two distortions, their absolute magnitudes could be compared. All Ss were included in this analysis; the variables were the same as those in the first analysis.
The main effect of the two test line positions was still large and significant [F(4,149) = 18.06, P < .001]; again, the order effect was found [F(4,149) = 4.74, p < .01]. Main effects of CA (linear) and sex were not significant. The only significant interaction was that between CA and test line position [F(10,149) = 9.57, P < .001 J. When that interaction was entered, F values for both quadratic CA components were increased from nonsignificance to a significant level [for Position 2, F(7, 149) 4.38, p < .001; for Position 5, F (7, 149) 6.80, P < .001]. This was due to the masking of the quadratic age trend by the interaction between CA and test line position. The proportion of the total variance accounted for in this analysis was .24.
Finally, the absolute magnitudes of the two illusions were summed. This is shown in Fig. 2 . The sum of the two effects increased to a peak at 11.0 years and declined thereafter.
DISCUSSION
The consistent overestimation of the test line at Position 2, and its underestimation at Position 5, lend additional support to the assimilation-eontrast explanation given lower-level developmental process. There is no readily available theoretical statement to account for the rise in the magnitude of illusion beyond this age. Since this appears to contradict the theories of both Pollack and Piaget, future parametric work on the assimilation effect is planned.
The summation of the two curves produced a total effect which peaked at 11 years. This curve bears a marked resemblance to the mean illusions reported by Comalli (1969) for his Ss. Since he used only ages corresponding to the first, third, and last groups in the present study, we can only compare these; the peak he found at 9-10 years is again found here. The results are similar as well to those of Leibowitz and Judisch (1967) . The differences in procedure, particularly the restriction of head and eye movements, the small size of the figures, and the nature of the stimulus configuration in the present study, may account for the 2-year difference in peak age.
The separate age trends found for the two test line positions support the hypothesis that there are actually two simultaneous and opposing processes occurring within the classical Ponzo figure. The distortion effects seem best explained by assimilation and contrast processes. Furthermore, the similarity of the developmental trend of the total illusion to the data of ComalIi favors the position that what previous researchers have been looking at is a summation of two distinct effects,
